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A Study on the Deep Drawing of AZ31B Magnesium Sheet at
Warm and Hot Temperature
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(Received July 4, 2006)

Abstract
The drawability of AZ31B magnesium sheet is estimated at various temperatures(200, 250, 300, 350 and 4007TC), and
forming speed(20, 50, 100mm/min), thickness(0.5, 0.8, 1.0, 1.4mm). The deep drawing process of circular cup and square

cup were used in forming experiments. Experimental and FEM analysis are performed to investigate drawability and

affection of controlled blank holding force. Through the controlled blank holding force, drawability was improved. Limit

drawing ratio is increased from 2.1 to 3.0 in circular cup drawing and change of thickness is decreased from 16.3 to 6.9%.

This result is verified by FEM analysis. Through the observation of microstructure, the main cause is investigated as a

quantity of the dynamic recrystallization.
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AZ31B Magnesium Sheet, Deep Drawing Process, Drawability, Limit Drawing Ratio, Dynamic

A(AZ31B)9] 71z EAA doly wHlo|x7t wv|F
& AAoloA IR e FA=RZYE ol
ol FidlA F2 Ay 9 sHo] HAPHu
TH4~6).

weta] B AR A= AFe) %A upadle
BA AZ31Be] T2 4¥AH S dolry] 3
drze Ags AP 25 HHQd 200~400TC
oA 0.0013~0.1333s7'2] HAF &
T35t #wAY 7|z BHAE FI} S o8
EQZ A =2duet B83 A4E A4S
%, 49229 488 @wyPsqich

T3 #1x] 2 F¥o #EF AFRG ofe
dezdd A9 714 23 AdAFY sy
E93 TYg e A3 A48 & AP er
o2 <l AME IFA==A &S HAFE7] 9

b1
et
o
o
>
e
o



AZ31B uladlg A2

I
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(1)Die holder, (2)Heater hole, (3)Blank holder, (4)Punch,

(5)Die, (6) and (7)asbestos, (8)Blank, (9)Blank holding

force control cylinder, (10)Main cylinder, (11)Data

logger, (12)Blank holding force control box

Fig. 1 The schematic of the deep drawing press with
blank holding force control system
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Table 1 Limit drawing ratio according to the tem-

perature
Temperature(°C) LDR
RT 2.24
200 2.22
250 2.16
300 2.158
350 2.199
400 2.166
dp=38.1, 36.66
%
=
> / =08, 1.4

Fig. 2 The objective shape and dimension of the
circular cup

Constant BHF
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Punch stroke (mm)

Fig. 3 Relationship between punch stroke and blank
holding force
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Fig. 4 Comparison between constant BHF and
controlled BHF: (a) Change of the cup
thickness according to the positions after the
deep drawing test Ty=250TC, V4=50mm/min
t,=1.4mm ; (b) T4=350TC, V;=20mm/min ;
(c) T¢=250TC, V4=50mm/min
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Fig. 5 The objective shape: (a) plane figure, (b) a
front view and (c¢) pre-development figure of
blank
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Table 2 Thickness change of the cup according to the
BHF

Ratio of

Max(mm)  Min(mm) thickness change(%o)

Case | 1.02 0.95 6.9
Case2  0.98 0.88 10.2
Case3 098 0.82 16.3
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Fig. 7 Thickness change of the cup according to the
BHF
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Fig. 8 Forming limit diagram (FLD) according to the
temperature and the strain rate

Table 3 Mechanical properties used to simulate deep
drawing process obtained by tensile test

Test Condition

Temp Strain rate E v K R

. 1 (Gpa) e
©) (sec”)

250 0.033 262 032 0.13 178 1.549
350 0.013 8.01 0.33 0.05 63 0.920
Density(kg/mm?) 1.74¢®

Friction coefficient 0.025

BHF(N) 500(controlled or uncontrolled)
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(a) Circular cup (b) Square cup
Fig. 9 FEM mesh of die, blank, punch and blank for
circular and square cup deep drawing
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Fig.10 Change of the cup thickness according to the

node after the circular cup deep drawing
simuation, T4=250C, V4=50mm/min, t,=1.4mm
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